This study was undertaken to apply Geographic Information System "GIS" (ArcGIS 9.3) for calculating shoreline change rates and back-shore surface area due to these changes, particularly after constructing marine structures: including seawall, detached breakwaters and groins. Modelbuilder in ArcGIS software was used to design and develop an automated technique, module, for estimating such changes (rate and area). These changes are deduced from analysis of beach-nearshore profile surveys between 1970 and 2010 and shoreline position versus prevailing coastal processes. The results show that the major erosion occurred along the Delta promontories; the shoreline of Rosetta retreated (1.6 km) at an average rate of 60 m/yr with loss of back-shore area 6.4 km 2 ; the coastline of Burullus bulge recessed at mean rate of 6 m/yr and decreasing in beach area of 1.31 km 2 ; and at Damietta (Ras El-Bar) the shoreline moved backward (6 m/yr) with disappeared in beach area of 1.13 km 2 . The shape and orientation of these promontories contributed to create alternation between wave convergence zone that eventually causes erosion, and divergence zones that experienced shoreline accretion. Finally, the engineering structures didn't solve or stop the erosion problem but shifted it from one place to another.
Introduction
Sandy coasts are dynamic environments that can change over time and spatial variation because of a myriad of coastal processes. Coastline displacement due to erosion or deposition is a major concern for coastal zone management. Coastal erosion is caused by natural forces such as currents, waves, storm surges, and winds, as well as anthropogenic developments [1] [2] . Very dynamic coastlines, such as parts of the Nile Delta coast, pose considerable hazards to human use and development, particularly after building the High Dam in 1964 at Aswan, this Dam cut off the sediment supply to arrive the Nile Delta coast. Moreover, many of marine structures have been constructed along the Nile Delta coast in the last three decades.
Information on coastline change from season to decade constitutes an essential and vital input in any coastal management plan, so that areas of potential loss to erosion can be identified and appropriate land use planning adopted.
Unfortunately, it is difficult to directly measure the area that is lost or gained for large sections of sandy beaches. However, shoreline change could be a useful way to estimate the change of beach zone because it can be collected quickly and relatively easily over long distances. Several investigators illustrated that shoreline changes can be used as good indicators for describing coastline erosion or accretion ( [1] [3] [4] [5] ). Many methods have been proposed to estimate coastline change. Among them are 1) the baseline approach [6] ; 2) the dynamic segmentation approach [7] [8]; 3) the area-based approach [9] ; and 4) the buffering and nonlinear least squares estimation approach [1] . Approach of baseline is used in the present work. In this method, the baseline is selected on-shore at appropriate distance from shoreline and approximately parallel to the coastline, where the change in the shoreline position can be calculated by measuring the restricted distance between baseline and shoreline along the orthogonal transect lines.
Geographic information system emerged in the 1970s and has been used in the 2000s in studies of coastal evaluation [10] . Various sources of data on the position of the coastline (aerial photographs, satellite images, cross-shore profile survey, maps, etc.) are integrated to allow the creation, analysis, and mapping of data [11] [12] . Earlier studies focused on using historical maps to estimate the shoreline changes. Among these studies, [13] showed that the Dameitta prom- for the east and west of Rosetta promontory respectively. These changes resulted from the effect of the construction of irrigation works; Aswan Low "or Old"
Dam and the Aswan High Dam, which trapped all the sediments in its upstream side. As well as, with available of satellite images, this encouraged a number of investigators for using approach of remote sensing to detect the shoreline [28]). Although all of these previous studies, no attempts have been made to assess changes in the position of shoreline and compute surface area of back-shore zone. Therefore, the major objective of the present study is to develop model or module, a new methodology, using Modelbuilder in ArcGIS software for calculating the surface area of back-shore zone that is lost or gained according to shoreline change (retreat or advance). In addition, estimating the rate of shoreline change based on approach of the baseline for measuring the coastline retreat and advance along the Nile Delta coast using ArcGIS package. The manipulated data of beach-nearshore profile and shoreline positions are incorporated to interpolate, analyze, and apply the digital shoreline analysis system (DSAS), which is separate module in ArcGIS software and developed by the United States Geological Survey [29] .
Study Area
The Nile Delta coast is located in the southeastern part of Mediterranean, north Since the beginning of the 20 th century, dramatic erosion has occurred along some parts of the Nile Delta coast [30] . This erosion appeared due to the construction of various dams and water control works on the upper and lower Nile River [16] . Because of cutting off almost all water discharge and prevention of sediments from reaching the coast particularly after constructing the High Aswan Dam in 1964, so the coastal zone of the Nile Delta has suffered chronic erosion that caused damages on the national economy directly or indirectly. Where some of the coastal roads have been destroyed, it caused loss of buildings and valuable agriculture land. Also shoaling and siltation of the Nile estuaries and outlets of the northern lakes is now a grave problem as it hinders fishing activities and coastal navigation, besides harming the lake eco-system. Moreover, the coastal zone of the Nile Delta is presently undergoing extensive changes due to both natural and human influences [31] .
A series of marine engineering structures have been constructed along the coast of the Nile Delta, these structures have significantly affect the shoreline position of the Nile Delta. In the following section, the history of these structures is browsed. In 1982, two jetties were built on the inlet of Idku lake to prevent sedimentation problem in the navigation channel as shown in Figure 2 
Material and Methods of Analysis
The analysis in the present study is based mainly on the survey data of beach- including; data preparation, data creation and shoreline change measurement.
The approach of rate calculation is depended on measuring the differences between shoreline positions through time. Two methods are used in the present study to calculate the rate of shoreline change; the first is defined as End Point
Rate (EPR) [32] in which the mean annual rate of shoreline change (meters per and 1981, two shorelines, is calculated using this approach (EPR method). After applying (EPR) method three times, the annual rate of shoreline change was calculated for three time periods as following; 1981-1991, 1991-2001 and 2001-2010 . The second method is Linear Regression Rate (LRR) in which the rate can be determined by fitting a least-squares regression line to all intersection point between shorelines (more than two shorelines) and transect-line. This method is used to compute the annual rate of shoreline change during the period between 1971 and 2013, 12 shorelines, based on the measured distance between the fixed baseline point and the shoreline position. All previous procedures are performed automatically using DSAS module within ArcGIS 9.3 software.
In order to estimate the surface area of back-shore zone due to shoreline changes (retreat/advance), the geostatistical analyst tool (ArcGIS) is used to create the digital elevation layers (raster datasets) from the beach-nearshore profile data for 5 different decadal surveys; 1971, 1981, 1991, 2001 and 2010. Ultimately, five raster surfaces convert into contours or isolines (polyline features), the new feature classes created into the feature dataset and stored in geodatabase that designed by ArcGIS. The shorelines of five dates are extracted in separate files, each file converts into a new feature class (point geometry X, Y) that stored as text file. Each file represents shoreline position at certain year. In addition to the five text files for coastline that created from beach-nearshore profile surveys, there are seven files represented the shoreline position of seven surveys; 2004, 2005, 2006, 2007, 2008, 2009 and 2013 . After preparing the data of shoreline positions as a text file format, the Modelbuilder (generic model in ArcGIS) is used to develop a new methodology (model area) that can be used in this work to estimate surface area corresponding to shoreline changes. There are three basic phases (methods or techniques) for creating model area, the first is a process of conversion the shoreline from point, geometry type, into polygon (geometry type). Consequently, two polygons, two feature classes, were obtained; one for old shoreline and other for recent shoreline. After finishing the second phase the shoreline changes are specified and classified (as polygons) in one feature class, where in attribute table the erosion zones take value of (+1) while accretion zones take value of (−1) (see in Figure 5 ). After applying the final phase, two feature classes are obtained, one for erosion zone and other for accretion zone (see in Figure 5 ), moreover, attribute table contained area of each zone. Figure 6 shows the main user interface and the diagram of module of calculating area in Model builder. The obtained results from this model are given in form of tables and graphs.
Results and Discussion
The measurements of shoreline position for successive years is used as a method or approach to calculate the shoreline change rate along the study area ( Figure 7 & Figure 8 ) that might be resulted from the construction of marine structures, in addition to estimating the surface area of back-shore zone along the coastline of the study area that is lost or gained according to the displacement of the shoreline toward land (erosion or recession) or seaward (accretion or advance), respectively. In the present work, the rate of shoreline change was calculated along the Nile Delta coast between the start and end of decade, i.e. every 10 years (e.g. computation and applicable to at least two shoreline dates. As well as, the Linear Regression Rate method (LRR) was used in cases where more data are available.
A number of waterways is intervened the coastline of the study area, e.g. Idku outlet S1; Rosetta estuary S2; outlet burullus S3; entrance of Damietta harbour S4; Damietta estuary S5; entrance of Port Said S6 (see Figure 2 & Figure 7(b) ).
Through these watercourses, the coast can be divided into six zones (Z1 to Z6; Figure 7 (a) and Table 1 ) to illustrate the change in the shoreline positions along the study area easily. Starting from the west side of the study area, the results show that the beach erosion on the both sides of Idku inlet ranges from 1 to 4 m/yr with a loss in back-shore surface area of 0.05 km 2 in the first zone Z1 (1.24 km long). After constructing two jetties at the entrance of Idku inlet, these jetties have trapped a part of sand that comes with the eastern currents. Consequently, this region is characterized by shoreline advance at fluctuating rate between 1.2 and 3.2 m/yr, with increased 0.03 km 2 in surface area of the beach (Figure 8(a) ).
Along the coast of second zone Z2 (extend about of 29.41 km long from S1 to S2), the rate of shoreline change and back-shore surface area was calculated over distinct periods; pre-construction and post-construction of seawall. Before completing the construction of seawall, the obtained results reveal that the shoreline change was characterized by a maximum recession on both sides of the Rosetta mouth, and fronting the Rosetta seawall (40 m/yr). This coastline is recessed at mean rate of 13 m/yr, as well as the shoreline along the south-end of seawall Table 1 indicate that the surface area of erosion zones along the study area is almost equal to the surface area of accretion zones except Z3, shoreline from Rosetta to Burullus, where erosion zone is 1.47 km 2 and accretion zone is 12.95 km 2 , this difference has been occurred because the most of eroding sediments from Rosetta promontory deposited in deep water while small part of these sediments deposited on shore.
Conclusions
This study contributes to increasing the knowledge about of the shoreline changes based on multi-decadal surveys on the Nile Delta coast. In addition, a proposed methodology is developed for calculating surface area of back-shore using Modelbuilder in ArcGIS software and estimating the rate of shoreline change depending on shoreline position and beach profile surveys along the coast of Nile Delta, in Egypt. This study revealed the following points:
1) ArcGIS Modelbuilder provides a set of tools for building various types of geo-processing models and helps to solve a complicated spatial problem.
2) Engineering structures built along the coastline did not solve completely or stop the erosion problem but shifted it from one place to another or focused it in front off these structures.
